To determine which physician practice and psychological factors contribute to observed variation in primary care physicians' referral rates.
R
esearch from both the United Kingdom 1 and the United States 2 has demonstrated that primary care physicians exhibit wide variation in their referral rates. In a previous report we found that case-mix-adjusted referral rates varied from less than 5% of patients referred per year to more than 60%, and also that the referral rates were stable over time and across diagnostic categories. 3 Thus, these variations reflect a relatively stable behavior that is likely to have a significant impact on the access of patients of primary care physicians to specialists. However, relatively little is known about the factors that drive these differences. 4 Patient characteristics, beyond the specific clinical problem, affect the likelihood of being referred. [5] [6] [7] In addition, physician and practice characteristics, such as specialty, 8, 9 reimbursement, 10 and time pressure, 2 are reported to affect referral rates. Taken together, however, few of these factors have been found to account for much of the observed variation in referral rates. In part, this limitation reflects the small sample sizes involved in most studies, so estimates of true referral rates are unstable, 11 and results have not been reproducible. More recently, attention has focused on psychological factors that affect this physician behavior. 12, 13 Psychological factors, such as risk aversion, tolerance of uncertainty, psychosocial orientation, autonomous and controlled motivation for test ordering, and patient centeredness, have been associated with physician behaviors and patient outcomes, [14] [15] [16] [17] [18] [19] [20] [21] but very little of this research has examined the relation to physician referral behavior.
To address this limitation, we examined the relation between referral likelihood and physician factors, focusing on practice and psychological factors. We obtained referral data from a large managed care organization (MCO) to obtain stable estimates of the true contribution of physician factors to referral likelihood. 11 The database also allowed adjustment for patient factors including age, sex, and case mix.
METHODS

Database Sample
The investigation was conducted in the Rochester, NY metropolitan area using the claims database of the largest local MCO. Approximately 500,000 persons (over 50% of the local population) are enrolled in the MCO. The MCO employs an independent practitioner association (IPA) model, in which neither primary care physicians (PCPs) nor specialists are capitated. No financial incentives are JGIM linked directly to referrals. Each patient is assigned to a PCP, and over 95% of local PCPs participate in the IPA. The database study sample comprised adults, 25 to 64 years old, enrolled in the MCO, who were assigned to a PCP (457 family physicians and internists) during 1995. Visits to obstetrician/gynecologists (also defined as primary care physicians in the MCO) for obstetric and gynecologic problems were excluded. These exclusion criteria resulted in a sample of approximately 243,000 adult patients. Physician specialty, age, and sex were derived from a database maintained by the IPA.
Measures from Database
A referral was defined as at least one visit to a physician specialist. In the MCO, all visits to specialists require referrals by the PCP. No financial incentives are linked directly to referrals. The PCP's observed referral rate was defined as the proportion of the PCP's patients seen by the PCP that were referred to and seen by a specialist during the year. Patients were assigned to a PCP if they made a majority of their visits to that PCP; in cases of ambiguity, the recorded assignment by the MCO was used. An empirical Bayes approach 22, 23 (SAS System for Mixed Models, SAS Institute, Cary, NC, 1996) was used to adjust the referral rate for case mix (using the ambulatory care groups [ACG] system 23 ), age, and gender. The ACG case-mix system assigns patients to 105 mutually exclusive categories based on age, gender, and the diagnoses accumulated by the patient over the year. Each category includes clusters of diagnoses and conditions grouped together according to their likelihood of persistence, and together the categories are designed to explain the maximum amount of variance in ambulatory utilization and charges. 23, 24 Details of the methodology used to derive the referral rates have been presented in detail elsewhere. 3 We used the ambulatory diagnostic groups (ADGs), the diagnostic building blocks of the ACG system, 23 because they explained more of the variation in referral rate and resource use than the ACG indicators, as was found by Salem-Schatz et al. 2 In addition to the referral rate measures, we developed a predicted risk of referral estimated by a patientlevel logistic regression across the whole sample (predicted referral risk is a function of age, age ϫ age, gender, and dummy variables for each case-mix indicator).
The claims data were also used to derive a Herfindahl index for each physician. The Herfindahl index, which was used as a measure of physicians' experience in specific diagnostic areas, has been found to be a valid measure of the degree of specialization exhibited by physicians. 25 Prior research has suggested that physicians with more expertise in specific areas also have higher referral rates to specialists practicing in their area of expertise. 26, 27 The Herfindahl index measures the extent to which the physician's diagnoses are concentrated in one or more diagnostic categories. The index is the sum of the squared shares of the diagnostic categories used by the physician. A score of 1 means only 1 diagnostic category is used (extreme specialist), whereas if all categories are used equally, the score approaches 0 (extreme generalist). For this analysis, we used diagnostic categories defined by the major International Classification of Diseases , Ninth Revision , Clinical Modification ( ICD-9-CM ) chapters of the diagnoses recorded by the physician over each 1-year period, averaged over the 2 years.
Physician Survey
Physicians were offered $50 to encourage participation in a mailed survey. The survey was sent to primary care physicians (internists and family physicians) in the IPA who had at least 100 patients in the MCO in 1995 to 1996 and did not report an area of specialization that resulted in referrals from other physicians; 274 physicians met these eligibility criteria. Survey responses were obtained from 182 physicians (66% of those eligible). Survey data on all sampled physicians included demographics (age and gender) and practice characteristics including specialty (family practice or internal medicine), time in practice (current site, any site), practice intensity (sessions and patients per week), and group size (solo or not, and number of partners).
The questionnaire included several psychometric scales, each with a Likert response alternative of 5 to 7 choices. Physician satisfaction was measured using a scale developed by Linn et al. 28 The original 13-item scale was augmented by 3 questions specifically about satisfaction with consultants. Cronbach's ␣ for the scale in this sample was .87, and a higher score indicates more satisfaction. Physicians' anxiety due to uncertainty was assessed with 3 items selected from the scales developed by Gerrity et al. to measure physicians' reactions to uncertainty. 29, 30 Cronbach's ␣ for the scale in this sample was .76, and a higher score indicates more anxiety. Attitude toward risk in life in general was assessed using a 6-item scale adapted by Pearson et al. 16 from the Jackson personality inventory. 31 The scale was found to predict the likelihood of physicians admitting patients with chest pain. 16 Cronbach's ␣ in this sample was .84, and a higher score indicates more risk seeking (less risk aversion). Both the physicians' anxiety due to uncertainty and the physicians' risk attitude scales made adjusted, independent contributions to predicting resource use in a Medicare HMO. 17 A shortened 8-item version of the Physician Psychosocial Belief Scale 32 was included. The questions include items like, "I do not focus on psychosocial problems until I have ruled out organic disease," and "Patients will reject the idea of my dealing with psychosocial issues." Levinson and Roter found that physicians' scores on this scale correlated with their communication behaviors during audiotaped encounters. 33 Cronbach's ␣ in this sample was .84, and a higher score indicates more psychosocial orientation. A 6-item scale to measure malpractice concern, in part focusing on consultation behavior,
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was developed by one of the authors (GCW). It included items like, "Sometimes I ask for consultant opinions primarily to reduce my risk of being sued," and "Relying on clinical judgment rather than on technology to make a diagnosis is becoming riskier from a medicolegal perspective." Cronbach's ␣ was .84, and a higher score indicates more malpractice fear. Two scales, also developed by one of the authors (GCW), assessed the extent to which the physician's motivation for ordering tests or referring to specialists is controlled (7 items) or autonomous (4 items). Each item started with the stem, "The reasons I order diagnostic tests or refer my patients to specialists is..." Items about controlled motivation included phrases such as, "because my reputation is at stake with each decision I make," and "because my patients would be upset if I didn't." Items abut autonomous motivation included phrases such as, "because it helps me fully understand what is causing my patients' problem," and "because it's in my patients' best interests." The validity and reliability of these scales and constructs have been demonstrated in previous studies. [18] [19] [20] [21] In this sample, Cronbach's ␣ was .83 for the controlled scale and .82 for the autonomous scale. A higher score on each scale indicates more controlled and more autonomous motivation, respectively. Further details about all these scales, including their factor structures, are available from the authors. Complete survey and database information was available on 173 physicians. Compared with physicians who had complete survey and database information, the remaining physicians were not significantly different in gender, average age of patients in the database (45 years), or observed or adjusted referral rates. The following statistically significant differences were found: physicians with complete data were younger (50 vs 54 years), were more likely to be family physicians (34% vs 20%), had slightly lower expected referral rates (0.38 vs 0.39), had more patients enrolled in the MCO (544 vs 400), and had a lower Herfindahl index (0.12 vs 0.13) than physicians with incomplete data.
Analyses
Referral likelihood was examined with logistic regression analyses conducted at the patient level. The generalized estimating equation (GEE) approach was used, with an exchangeable working correlation, to account for the clustering of observations within physician. 34 In each analysis, the patient's referral status (referred or not) was the dependent variable. All analyses included the patient's predicted risk of referral as an independent variable. A backward elimination regression approach was used, retaining variables with P Ͻ .15, to select a set of physician practice variables: age (years), sex (male or female), specialty (family physician or internist), years in practice, solo practice (or not), number of partners, sessions per week, patients per week, and Herfindahl index. Further analyses exploring the role of the psychometric variables were conducted including: all the psychometric scale scores, in addition to the significant physician practice variables; a backward elimination approach, retaining variables with P Ͻ .15; and a set of analyses excluding the physician practice variables. Table 1 shows, at the physician level, the distributions of the main variables of interest. About 40% of patients were referred each year, and case-mix adjustment produced relatively little change on the range of referral rates (2%-65%). Both the observed and case-mix-adjusted referral rates exhibited moderate correlations with a number of the physician practice variables (older physicians, internists, solo practitioners, physicians practicing longer, and longer in their current practice, those with more sessions per week, and physicians with higher Herfindahl indices all referred more). Of the psychological variables, only risk aversion was associated with a higher referral rate.
RESULTS
The results of the GEE logistic regression analyses are shown in Tables 2 and 3 . After adjustment, the only physician practice variables that were associated with a greater probability of referral were being a female physician, being in practice longer, being an internist, and having a higher Herfindahl index (using a narrower range of diagnoses). In contrast to the moderate effects associated with the physician practice variables, of the psychological variables, only psychosocial orientation exhibited any statistically significant association ( P ϭ .04); patients of more psychosocially oriented physicians were more likely to be referred. The associations with malpractice fear was borderline significant ( P ϭ .08); there was a trend for patients of physicians with higher levels of malpractice fear to be more likely to be referred. Excluding the nonsignificant psychological variables had little impact on the parameter estimates or confidence intervals of the remaining variables. The analyses excluding the physician practice variables were similar ( Table 3 ), except that risk aversiveness was the most important psychological variable; patients of risk averse physicians were more likely to be referred ( P ϭ .005).
DISCUSSION
Our previous results suggested that physician referral rates represent a physician behavior that is stable across time and diagnostic categories. 3 This study suggests that most of the physician contribution to referral likelihood is related to physician practice factors like physician gender, years of practice, specialty, and Herfindahl index. The psychological measures examined in this study explained relatively little of the variability in referral likelihood. In the models that included the physician practice factors, only 2 of the psychological variables exhibited effects with borderline statistical significance. The odds ratios for the effects of the psychological factors were all close to 1, and the confidence intervals were narrow (Table 2) , suggesting it is unlikely that any important effects were missed. In the models that excluded the physician practice factors, risk aversion exhibited a moderate effect, suggesting its effects are mediated by physician practice factors. Other analyses suggest that this effect reflects stylistic differences between family physicians and internists. 35 The relations between referral likelihood and case mix, physician gender, and specialty are consistent with prior research. 1, 2, 36 The greater referral likelihood of patients with more specialized physicians (higher Herfindahl index) is consistent with prior research suggesting that physicians with more expertise in an area may refer patients more often than other physicians. 26, 27 Studies have demonstrated effects of physician psychological factors, including those measured in this study, on patient outcomes, particularly costs and satisfaction. [14] [15] [16] [17] [18] [19] [20] [21] In analyses not reported here, we found associations between some of the measured psychological factors and some other variables in the claims database, such as costs generated and coding of mental health diagnoses. Thus, it is unlikely that the limited associations 
